To evaluate phytochemical constituents from the methanolic extracts of medicinal plants Aloe castellorum and Aloe pseudorubroviolacea. The cytotoxic activity of Aloe castellorum and Aloe pseudorubroviolacea leaf extracts against Human colon cancer cell line (HCT-116) was also assessed. The two medicinal plant extracts having significant cytotoxic activity, meanwhile the methanolic extract of Aloe castellorum shows higher cytotoxic activity than Aloe pseudorubroviolacea extract. The Aloe castellorum shows remarkable activity against respective cell line than control. The characteristic chemical constituents of Aloe castellorum and Aloe pseudorubroviolacea leaf extracts were recognized from Gas chromatography and Mass spectrometry (GC-MS) technique. The molecular docking studies also support the cytotoxic activity.
Introduction
The aloe species are commonly applied for ethnomedicine plus pharmacological potential for evaluate various ailments, injuries, digestive ailments, infection also anti plasmodial, antimicrobial, anthelmintic in addition anti-inflammatory, activities of particular of the species has been established provided that reason for their use in ancestral medicine (Watt and Breyer-Brandwijk, 1962, Amoo et al., 2014) . The Aloe extracts are medically important and their application have been used to treatment of skin cancer, arthritis, eczema, heart attacks, burns, psoriasis, digestive problems, leukemia, high blood pressure and diabetes (Hossain et al., 2013, Maharjan and Laxmipriya, 2015) . The Aloe emodin (AE), a naturally derived from plant anthraquinone, is described to have potential antiproliferative activity in different cancer cell lines (Suboj et al., 2012) . As diverse of Aloe species would have different phytochemical compounds due to interspecies difference and changing soil conditions as well as climate, direct correlation of biological activity would be incorrect (Botes et al., 2008, Maharjan and Laxmipriya, 2015) therefore essential to concentrate on aloe species particularly Aloe pseudorubroviolacea and Aloe castellorum due to no previous studies recorded.
United States is recorded that second leading cause of death by cancer related (ACS, 2019) . The Colorectal cancer (CRC) recorded that the third utmost common cancer in the worldwide. WCRF (2012) as well as the second most common cancer through CRC in Saudi Arabia (Mosli and Al-Ahwal, 2012; Zubaidi et al., 2015) . In position first among men (10.6%) and woman among third (8.9%) (Al-Ahwal et al., 2013) , the death rate from CRC is 8. 3%. CfAG (2014) in Saudi Arabia stated that World Health Organization (WHO). Furthermore, retrieved data from the Saudi Cancer Registry (SCR; http://www.scr.org.sa/) showed rising in CRC occurrence between 2001 and 2006, and very nearly increase twofold between 1994 and 2003. Furthermore, Patients in Saudi are likely to present at a more advanced stage and at a younger age matched with Western countries (Aljebreen, 2007; Sibiani et al., 2011; Mosli and Al-Ahwal, 2012 
Materials and methods

Plant collection and processing
The selected plant leaves were dried at room temperature. Appropriate quantities (500 mg) of the leaves and in plant were using methanolic extraction with 5 times. The collected methanol extract was centrifuged at 5000g for 10 min at room temperature, then the supernatant of methanol was prudently pipetted out transferred to sterilized eppendorf tubes without disturbing the inter-phase residues for further analysis. (Ahmed et al., 2013) .
Cancer cell culture
The colon cancer cells HCT-116 were acquired from National Centre for Cell Science, Pune, India. Cells were inoculated in 10% fetal bovine serum and 1% antibiotics (penicillin, streptomycin and amphotericin) supplied Dulbecco's Altered Eagles Medium (DMEM), used incubated with humidifier at 37°C in a moisturized atmosphere provided with 95% and 5% Carbon dioxide and air incubation. The leaf extracts of Aloe castellorum and Aloe pseudorubroviolacea was completely dissolved in 1% DMSO prior treatment with cell.
Cytotoxicity of plant extracts Aloe castellorum and Aloe pseudorubroviolacea against HCT-116 cells
The cytotoxicity of extracts Aloe castellorum and Aloe pseudorubroviolacea was evaluated by employing the yellow tetrazolium MTT (3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide) MTT analyze based on the reduction of MTT through action of mitochondrial reductase enzyme which presents in viable cells. The amount of reduction of MTT to formazan in extracts Aloe castellorum and Aloe pseudorubroviolacea treated and untreated cells were directly proportional to the number of viable cells, it was assessed by taking absorbance values by dissolving the formazan with DMSO. In brief, cells (1 Â 105) were plated as well as incubated for 24 h at 37°C in a humidified condition used 96 well plates. After complete incubation the old medium was aspirated without disturbing cells then the cells were tested with different concentrations (5, 10, 20, 30, 40, 50, 60, 70 and 80 mg per ml) of extracts Aloe castellorum and Aloe pseudorubroviolacea dissolved DMEM, the plate was kept in same incubation condition. After incubation, 100 mL of MTT reagent of 5 mg/mL in PBS was subsequently added into each individual well further, the plates were incubated for 24 h at 37°C. The resulting formazan was dissolved by adding 100 mL of DMSO and the absorbance of the reactant solution was recorded at 595 nm wavelength using a multiwell plate reader (Tecan Multimode Reader, Austria). The concentrations of the test sample which showed 50% of cell death was then calculated (Gunaseelan et al., 2017) .
Assessment of apoptotic morphological changes
The treated and untreated HCT-116 cells by staining with Ethidium Bromide (EtBr) plus Acridine Orange (AO) dye was used to determine the apoptotic cells morphological changes by extracts Aloe castellorum and Aloe pseudorubroviolacea (Karthikeyan et al., 2011) . The cultivated cells were in 6-well plate (3 Â 104 cells/well) and treated with extracts of Aloe castellorum and Aloe pseudorubroviolacea at various dosage ranges (25, 50 and 75 mg) for 24 h. The cells were fixed in (methanol: glacial acetic acid (3:1)) for 30 min at 4°C. The cells were stained with 
Measurement of intracellular ROS generation
Intracellular ROS production in extracts of Aloe castellorum and Aloe pseudorubroviolacea treated and untreated HCT-116 cells were estimated through non-fluorescent probe DCFH-DA that can merely pass into the intracellular cell matrix, there it was oxidized into fluorescent dichlorofluorescein (DCF) by the action of produced ROS. Consequently, the fluorescence strength was comparatively proportional to the level of ROS production (Jesudason et al., 2008) . The HCT-116 cells were inoculated (1 Â 106 cells/well) into 6-well plate, tested with various concentrations (25, 50 and 75 mg) of extracts Aloe castellorum and Aloe pseudorubroviolacea and placed in CO2 (5%) incubator for 24 h. Then the cells were exposed to 100 mL of DCFH-DA for 10 min at 37°C. Fluorescence depth was estimated through excitation and emission filters fixed at 485 and 530 nm, respectively (Shimadzu RF-5301 PC spectrofluorometer). The results showed an increased percentage of fluorescence depth.
Determination of mitochondrial membrane potential
The assessment of mitochondrial membrane potential of treated and untreated HCT-116 cells was estimated by staining the cells with lipophilic cationic, Rhodamine-123 (Rh-123) dye (Johnson et al., 1980) . The cells (3 Â 10 4 cells/well) were cultured in 6 wells plate and treated with various concentrations of extracts Aloe castellorum and Aloe pseudorubroviolacea (25, 50 and 75 mg) for 24 h. Then Rhodamine-123 fluorescent dye was added into treated and untreated cells and left for 30 min. The Mitochondrial membrane potential was qualitatively examined under a FLoid cell imaging station (Invitrogen, USA). Subsequently, the cells were harvested by Trypsinization of cells and the fluorescence strength was estimated at 485/530 nm wavelength under Spectrofluorometer (Schimadzu, USA). The positive control compared with results which maintained without treatment.
Assessment of level of reactive oxygen species (ROS)
The reactive oxygen species (ROS) level was quantitatively assessed through the H2DCFDA staining method. For this, the colon cancer cell lines tested with extracts Aloe castellorum and Aloe pseudorubroviolacea were set with 70% ice-cold methanol. After that, incubation was done consuming 10 lL of H2DCFDA for 30 min at room temperature. The cells was measured through the fluorescence intensity using excitation wavelength of 480 nm also the emission wavelength of 530 nm through used a flow cytometer. The acquired date were analyzed by cyflogic software (Wang et al., 2019) .
2.8. Caspase-8, 9 and 3 activity assay
The Caspase-8, 9 and 3 activities were reflected through caspase assay kit, as per company's instruction the procedure was followed. Soon after that the colon cancer cells were loaded in (6 well plate) then treated with extracts of Aloe castellorum and Aloe pseudorubroviolacea then permitted to incubate for 24hr at CO2 incubator. Then, the cells were allowed to treat with appropriate caspase-8, 9 plus 3 reagents and incubated for 2 h in dark room followed by optical density for caspase-8, 9 and 3 were measured with a microplate reader at 400 or 405 nm.
Statistical analyses
The all experiments data were conducted in three independent replicated and the results were stated as the mean ± Standard Deviation (Mean ± SD) analyzing through one-way analysis of variance between the obtained values (ANOVA). Values of P < 0.05 indicated the significant differences in data.
Molecular docking
Docking studies are key component to inspect the interaction, binding mode between compounds 9-octadecenoicacid, 3-dodecanol and the Musashi-1 (MSI1) protein via Autodockvina 1.1.2 (Trott and Olson, 2010) . The crystal structure of MSI1protein (PDB ID: 2RS2) was reserved from Protein Data Bank (http://www. rcsb.org). The 3D assembly of the compounds 9-octadecenoicacid and 3-dodecanol were achieved via ChemDraw Ultra 12.0 and Chem3D Pro 12.0 software. The input files for AutodockVina were created by using Autodock Tools 1.5.6 program package. The search grid of 2RS2 protein was fixed atcenter_x: À1.568, center_y: 0.832, and center_z: À4.286 with dimensions size_x: 20, size_y: 20, and size_z: 20 with spacing of 1.0 Å. The exhaustiveness value was set to 8. The other parameters were set to default for Vina docking and not mentioned. The compound having least binding affinity value is the best-scoring compound and the results were visually analyzed using Discovery studio 2019 program. Fig. 11 . Docked complex (a), molecular surface (b), 3D (c), and 2D (d) interaction modes of compound 9-octadecenoicacid within the binding site of 2RS2 protein.
Results and discussion
Spectral characterization and structural elucidation of major compound
After chromatographic separation, the methanolic extracts of Aloe castellorum and Aloe pseudorubroviolacea were subjected to GS-MS analysis. The methanolic extract of Aloe castellorum contains around 20 chemical constituents (Table 1 ) and the major compound is 9-octadecenoicacid with the retention time value of 13.706. The methanolic extract of Aloe pseudorubroviolacea contains around 20 chemical constituents (Table 2 ) and the major compound is 3-dodecanol with the retention time value of 15.731. The Gas chromatogram and respective mass spectrum for major constituent of Aloe castellorum were shown in Fig. 1 and  Fig. 2 . The Gas chromatogram and respective mass spectrum for major constituent of Aloe pseudorubroviolacea were shown in Fig. 3 and Fig. 4 . 
Cytotoxic activity
The plant extracts of Aloe castellorum and Aloe pseudorubroviolacea were evaluated for their cytotoxic activity examined against human colon cancer cell line . The methanol extracts of Aloe castellorums shows 89.09% of cell viability at 20 mg/mL and Aloe pseudorubroviolacea shows 98.26% of cell viability at 20 mg/mL individually. The values are abridged in Table 3 , Fig. 5 and Table 4 , Fig. 6 . The effect of methanol extracts on apoptotic morphological changes in HCT 116 cell line were shown in Fig. 7 . The effect of methanol extracts on Mitochondrial membrane potential of HCT 116 cell line were shown in Fig. 8 . The effect of methanol extracts on ROS production in HCT 116 cells were shown in Fig. 9 . The effect of methanolic extracts on HCT 116 cell morphology were shown in Fig. 10 .
Docked results with AutoDock vina
The compounds 9-octadecenoicacid and 3-dodecanol were studied for their docking behavior with 3OGN protein via Autodock-Vina program. The compound 9-octadecenoicacid shows good binding affinity (À3.3 kcal/mol) than 3-dodecanol with the binding affinity of (À3.0 kcal/mol) in 2RS2 protein respectively. Hydrogen bonding is one of the significant factor in the stability of proteinligand bonding, and the favorable bond distance amongst the H-donor and the H-acceptor atoms is less than 3.5 Å (Taha et al., 2015) .
The hydrogen bond distances of compounds 9-octadecenoicacid and 3-dodecanol were less than 3.5 Å in respective 2RS2 protein signifies strong hydrogen bonding. Compound 9-octadecenoicacid forms only one Hydrogen bond interaction with the receptor 2RS2. The amino acid residue Arg61 (bond length: 2.29) was involved in hydrogen bonding contact. The amino acid residues Arg61 and A 106 were involved in hydrophobic interactions. The interactions of compound 9-octadecenoicacid with 2RS2 protein were shown in Fig. 11 . The compound 3-dodecanol forms only one hydrogen bonds with the receptor 2RS2. The amino acid residue Arg59 (bond length: 2.36) was involved in hydrogen bonding contact. The amino acid residues Arg59 and Arg61 were involved in hydrophobic interactions. The interactions of compound 3-dodecanol with 2RS2 protein were shown in Fig. 12 . The results shows that compound 9-octadecenoicacid having remarkable inhibition ability than compound 3-dodecanol in anticancer protein 2RS2. The results were summarized in Table 5 .
Conclusions
The conclusion of this study, which includes the extraction of phytochemical constituents from medicinal plants Aloe castellorum and Aloe pseudorubroviolacea. The methanolic extract of particular plants were further studied for their cytotoxic activity against human colon cancer cell line (HCT-116). The two plant extracts having significant cytotoxic activity, meanwhile the methanolic extract of Aloe castellorum shows higher cytotoxic activity than Aloe pseudorubroviolacea extract. The effect of apoptotic morphological changes, Mitochondrial membrane potential, ROS production, and cell morphology on HCT-116 cell line are also assessed. Therefore, the methanolic extracts of medicinal plants Aloe castellorum and Aloe pseudorubroviolacea having potential cytotoxic chemical constituents itself for the development of new era cytotoxic drugs for colon cancer. Table 5 Molecular docking interaction of compounds 9-octadecenoicacid and 3-dodecanol against protein 2RS2.
Compounds
Mosquito odorant binding protein 3OGN
Binding affinity (kcal/mol)
No. of H-bonds
H-bonding residues 9-octadecenoicacid À3.3 1 Arg61 3-dodecanol À3.0 1 Arg59
